Objective: Comparison of body composition results by two dual energy X-ray absorptiometry (DXA) instruments, namely QDR-2000 from Hologic Inc and DPX from Lunar in subpopulations of lean and obese subjects. Design: Cross-sectional study with 85 female diabetics (BMI 18±43 kg/m 2 ) measured with both DXA instruments. Results: The regression lines for fat tissue mass (FTM), FAT% and total body bone mineral content (TBMC), but not lean tissue mass (LTM), were different from the line of identity (P`0.01). However, the relationships were high (r 2 b 0.95), and the corresponding SEE%'s were low (0.8±4.8%), and were independent of BMI. FTM and FAT% measured by the QDR-2000 were 10% higher, and LTM and TBMC 6% lower, than by DPX (P`0.001).
Introduction
The advent of dual energy X-ray absorptiometry (DXA), which is increasingly used in clinical and research settings, has improved the precision and accuracy of body composition measurements (Mazess et al, 1990; Svendsen et al, 1993; Haarbo et al, 1991; Lukaski, 1993; Fuller et al, 1992) . However, there are still matters concerning the comparability and of DXA that are unsolved. The largest manufacturers of DXA, namely Hologic Inc, Norland and Lunar Rad. Corp, use different hardware and software arrangements for their calibration, data collection and analysis, and DXA instruments from the different manufacturers do not seem to offer directly comparable body composition results (Pritchard et al, 1992; Tothill et al, 1994) . The few reports of comparisons of body composition results by DXA instruments from the different manufacturers have primarily focused on healthy normal weight volunteers (Pritchard et al, 1992; Tothill et al, 1994) .
We have previously found that body composition measurements in adults by a Lunar DPX machine were accurate (Svendsen et al, 1993; Haarbo et al, 1991) , whereas the in vivo accuracy of body composition measurements in adults by DXA instruments from Hologic Inc and Norland has not been reported yet. The accuracy of body composition measurements by DXA seems to depend on the composition and mass of soft tissue Jebb et al, 1995) . Thus, the comparability of body composition results by DXA instruments from different manufacturers may differ with body size and fatness, and may be different in normal weight, obese and lean people. In order to investigate this, we compared body composition results by DPX (Lunar) with QDR-2000 (Hologic Inc) in subpopulation of more lean subjects, namely female insulin dependent diabetes mellitus (IDDM) patients, and of more obese subjects, namely female non insulin dependent diabetes mellitus (NIDDM) patients.
Methods
With the women wearing light indoor clothes and no shoes, weight was measured to nearest 0.1 kg. Total body composition was measured with two total body DXA scanners, namely DPX (Lunar Radiation Corporation, Madison, WI), software version 3.6y, medium scan mode, extended research analysis, and QDR-2000 X-ray bone densitometer, (Hologic Inc, Waltham, MA, fan beam, software version 5.54A). Regional analysis were made by routine according to the respective operators manual. The measurements were completed on the same day for each subject. Total body bone mineral content (TBMC) and density (TBMD), the total body soft tissue mass (STM) and the fat percentage (FAT%) and the fat (FTM) and lean soft tissue mass (LTM) were measured. The FTM is not solely adipose tissue, but the sum of the fatty elements of the soft tissue. Similarly the LTM is not an anatomical entity, but represents the sum of chemical fat free soft tissue elements.
Subjects
Eighty-®ve female diabetes patients from the Steno Diabetes Center outpatient clinic participated in this study. . All of the subjects were relatively healthy, that is none of the female diabetics suffered from heart failure, renal disease or were using diuretics. The study was carried out in accordance with the Declaration of Helsinki II, and with approval of the ethical committee of Copenhagen County.
Statistical analysis
Linear regression analysis were used to determine the relationship between the two DXA machines. The lack of agreements between QDR and DPX were plotted as a function of the means, according to the statistical procedure of Bland & Altman (1986) . Analysis were performed with the SAS computer software package (version 6.0: SAS Institute Inc. Cary NC, 1989).
Results
The r 2 of the linear regressions between weight measured by a scale weight and the weight calculated by QDR-2000 or DPX were both 0.99, and the corresponding SEE's were 0.7 kg and 0.9 kg, respectively. The mean weight was 0.03 kg higher by QDR-2000 and 0.2 kg lower by DPX than by the scale weight (not signi®cantly different from zero). Figure 1 illustrates the linear regressions of FTM, LTM and FAT% and Table 1 gives the relationships between all of the total body components measured by QDR-2000 and DPX. The determination coef®cients r 2 were above 0.95 for all comparisons, ranging from 0.95± 0.99, and the corresponding SEE% ranging from 0.8±4.8%. The SEE's of the regression lines were small and were similar along the regression line, that is in lean and obese subjects ( Figure 1 ). Furthermore, there were no signi®cant association between the residuals and the size of any of the body components (P b 0.05). The slopes of all the regression lines were signi®cantly different from one (P`0.01), and the regression lines for weight, FTM, FAT%, STM and TBMC were signi®cantly different from the line of identity (P`0.05).
There were lack of agreement for all the body components between the DPX and QDR-2000 (Table 1 and Figure   1 ). Thus the FAT% and FTM measured by the QDR-2000 were about 10% higher (3.7% and 2.5 kg, respectively) and the LTM 5% (2.1 kg) lower than by DPX (P`0.05). The TBMC and TBMD were 6% and 3.4%, respectively, lower by QDR-2000 than by DPX (P`0.05). The difference between the two instruments in weight, FTM and STM, but not LTM or FAT%, were signi®cantly correlated to the average values of the respective parameters (Table 1 and Figure 1 ), and for weight, FTM and LTM also with body mass index (BMI) (P`0.01). The waist to hip ratio (WHR) and the FAT% was signi®cantly higher in the NIDDM patients compared to the IDDM (0.91 and 42.5% vs 0.82 and 31.4%, respectively, P`0.05).
Linear regressions revealed that the relationships between DPX and QDR-2000 were independent of weight, BMI and WHR, but were signi®cantly (P`0.05) dependent of the type of diabetes (dummy code: NIDDM:0, IDDM:1) and the FAT%. When both the type of diabetes and the FAT% were entered in the regression models, only the FAT%, but not the type of diabetes, remained signi®-cant (P`0.05). Separate linear regression analyses of DPX versus QDR-2000 were performed for all the body components for the IDDM and the NIDDM subpopulation, respectively ( Table 2) . The regression equations for the IDDM were statistically signi®cantly different from those for NIDDM for all the body components (P`0.01), except for TBMC. However, the determination coef®cients remained rather similar, ranging from 0.93±0.99, and the SEE's for the pooled population, and the NIDDM and the IDDM subpopulation, respectively were also quite similar. There was also signi®cantly lack of agreement (P`0.01) for all the body components, (except for weight in IDDM) in both subpopulation between the two DXA instruments ( Table 2 ). The mean differences for all the body components between the two instruments were all signi®cantly different in the NIDDM and in the IDDM subpopulation (P`0.01). Table 3 gives regional comparisons between DPX and Hologic-2000.
Discussion
The present study examined comparability of body composition measurements by two DXA instruments from two different manufacturers in populations of rather lean and obese females, namely in NIDDM and IDDM patients, and whether body size or fatness affect this comparability.
The correlations between the body composition measurements by QDR-2000 and DPX were high (r 2 b 0.95). However, there were lack of agreements between the two instruments in all the body components measured. Thus, the TBMC and TBMD were signi®cantly higher by DPX than by the QDR-2000 (3% and 6%, respectively), which is in accordance with a previous study by Laskey et al (1991) . On the other hand, we found that the FAT% measured by DPX was 3.7% lower than by QDR-2000. At ®rst sight these results are not in agreement with previous results. Both Tothill et al (1994) and Pritchard et al (1992) found that FAT% measurements by DPX was about 3.7% higher than by the QDR-2000. However, when interpreting body composition results by DXA, attention must be given not only to which manufacturer the DXA instrument comes from, but also to the software version, to the generation of the DXA instrument, and to whether pencil or fan beam have been used. New software versions may cause changes in body composition results (Van Loan et al, 1995) . For Hologic Inc the introduction of fan beam in QDR-2000 has increased the FAT% signi®cantly (Abrahamsen et al, 1995) . Table 4 shows the impact of the introduction and development of new software and DXA machines on the difference in measured FAT% between DPX from Lunar and QDR from Hologic. The accumulated effect of the introduction of new software and instruments generations is a shift in the difference in FAT% between DPX and QDR at 3.7% to 73.9%, which is more in accordance with our ®nding at 73.7%. The fact that the DXA results vary with manufacturer, software version, generation of DXA scanner, scan and beam mode and calibration procedure means that individual results on the two systems cannot be directly compared. The regression equations found were independent of body size (weight, BMI) but were statistically signi®cantly dependent on the type of diabetes. A reasonable explanation could be the difference in fat distribution, namely the waist to hip ratio between the IDDM and the NIDDM patients. However, our results suggest that it is the difference in fatness between IDDM and NIDDM that causes this. However, speci®c regression equations for the IDDM or NIDDM subpopulation did not improve the r 2 or the SEE's signi®cantly as compared to the regression equations for the pooled population of IDDM and NIDDM patients. Thus, to compare body composition results by DPX, software version 3.6y, and by QDR-2000, fan beam and software version 5.54A, the regression equations given in the pooled population can be used (Table 1) . These regression equations seem valid in females with a BMI ranging from 18±43 kg/m 2 . However, they do introduce an extra nonsystematic error of 0.8±4.8% (SEE%), which must be considered and accounted for when comparing cross-sectional data from different instruments or when using different instruments in longitudinal clinical trials.
We ®nd the results of the differences in the regional body composition results by DPX and Hologic-2000 dif®-cult to interpret. We do not know the accuracy error with neither DPX or Hologic-2000 of the regional body composition results, as we do it for total body. The optional standard de®nitions of the limb and trunk regions seems to be the same by DPX and the Hologic-2000. DXA do only measure the soft tissue composition directly in pixels without bone. Thus the trunk with a high bone to non bone pixel ratio (pelvis, spine, ribs and sternum) may have a higher accuracy error than the limbs. On the other hand, the soft tissue composition is not measured if the height of the absorber is too low, as in hands and feet. Discrepancies in the approach to deal with these and related issues may, besides the calibration, cause different accuracy errors and absolute values of the regional body composition results. Interestingly we found the greatest lack of agreement in the FAT% in the limbs, not in the trunk.
Conclusions
There were lack of agreements ranging from 3±10% between total body composition results by DPX Lunar, and QDR-2000 Hologic Inc. However the determination coef®cients were high and SEE's of the linear regressions of the results between the two DXA instruments were small. The manufacturers of the DXA instruments should standardize and intercalibrate their instruments. Table. 
